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Concentration and Size of Asbestos in
Water Supplies
by James R. Millette,* Patrick J. Clark,*t Michael F.
Pansing,* and James D. Twyman*
Areview oftheresultsofover 1500asbestos analysesfrom U.S. watersupplies suggeststhatthemajority
ofwater consumers are not exposed to asbestos concentrations in their drinking water over 1 x 106 fibers
perliter. Thereare,however,somepopulationsthatareexposedtowaterborneasbestosconcentrationsover
10 x 106fibers per litercaused by natural erosion, mine processingwastes, waste pile erosion, corrosionof
asbestos cement pipe, ordisintegration ofasbestostile roofs running intocisterns. The distributionoffiber
sizesinthewaterisdependent onthesourceofthefibers. Theaveragelengthofchrysotilefibersfound inan
asestoscementdistribution systemwas4pm, whiletheaveragefiberlengthofchrysotile fiberscontributed
to a water supply by natural erosion was 1 gm.
Fiber Concentrations in Water
Drinking water is contaminated by asbestos fibers
from pollution, geologic erosion, and the disintegra-
tion of asbestos cement pipe. Since 1973-74 when
asbestos was first reported to be present in potable
water supplies (1-4), a number of laboratories have
beenanalyzingforasbestos in drinking waterin vari-
ous cities of the United States. A review of the re-
sults of over 1500 water samples analyzed for as-
bestos by electron microscopy suggests that several
populations ofU.S. water consumers have been ex-
posed to significant numbers of asbestos fibers in
their drinking water at some time.
The waste discharge from the processing of iron
ore has contributed amphibole fibers to the areas of
Lake Superior which supply water for the cities of
Duluth, Two Harbors and Beaver Bay, Minnesota.
Concentrations as high as 600 x 106 fibers/l. have
been reported for Duluth water (5). Fiber counts as
high as 200 x 10fi and 92 x 106 fibers/l. have been
reported for Two Harbors and Beaver Bay, respec-
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tively. The erosion of an old asbestos waste pile is
suspected to have contaminated a water supply in
Kentucky with as much as 74 x 106 fibers/I. of
chrysotile asbestos. Natural erosion of asbestos
bearing rock formations is considered to be the
source of fibers in son e water supplies of the area
around San Francisco, California and in supplies
near Seattle, Washington. Concentrations of
chrysotile asbestos between 1 and 100 x 106 fibers/I.
have been reported for a number ofsupplies around
SanFrancisco and over 100 x 106 chrysotilefibers/I.
have been found consistently in the water supply of
Everett, Washington. One sample of water from a
distribution system in South Carolina collected after
a length of asbestos cement pipe which had been
attacked by corrosive water contained over 500 x
106 chrysotile fibers/l. Drinking water in other as-
bestos cement pipe distribution systems in Florida,
Kentucky, and Pennsylvania have been shown to
contain concentrations of chrysotile asbestos over
10 x 106 fibers/I. In tap water drawn from cisterns
using asbestos tile roofing materials for rain collec-
tion, concentrations ofchrysotile asbestos over 500
x 106 fibers/l. have been found.
Table 1 summarizes the distribution of reported
asbestos concentrations in the drinking water of
variouscities inthe United States. Thetable isbased
on available results from transmission electron
microscopy analyses. Because the data were re-
February 1980 13ported by 15 different laboratories, some using dif-
ferent sample preparation methods, there are some
disagreements overactual values. However, Table 1
suggests that asbestos is a contaminant in a signifi-
cant number ofU.S. water supplies. A listing ofthe
data available on asbestos in water supplies is pre-
sented in Table 2.
Industrial discharges of asbestos were found to
range from 106 to 1012 fibers/l. during an EPA-
sponsored survey(7). WiththeexceptionoftheLake
Superior situation, however, it has not been shown
conclusively that any discharged asbestos fibers
make their way into public drinking water.
Chrysotile, a serpentine mineral, is the most
common asbestos variety found in water supplies,
but some amphiboles have been identified. The am-
phibole crocidolite, a minor constituent of asbestos
cement pipe, has been found along wth chrysotile in
some waters distributed through the pipe. The am-
phibole fibers in Lake Superior have been deter-
mined to be primarily of the cummingtonite-
grunerite seriesofwhichamosite, acommercialform
ofasbestos, is a member. There is still some debate
among mineralogists as to whether amphibole fibers
found in the lake water should be called asbestos
fibers or cleavage fragments. Amphiboles of the
tremolite-actinolite series have been found in some
watersupplies ofthe Pacific Northwest. Nofibers of
the asbestos variety anthrophyllite have been re-
ported in drinking water.
Asbestosfibers inthe source ofawatersupplycan
becontrolled by filtration. Treatment plants in oper-
ation in Duluth and Two Harbors, Minnesota, and
pilot filtration plants in Seattle and Everett, Wash-
ington, have shown that both amphibole and
chrysotile fibers can be eliminated from the water
supply by coagulation and filtration.
While it is estimated that some 200,000 miles of
asbestos cement pipe are in use in the United States
(17), reported analyses suggest that most asbestos
cement pipe does not shed significant numbers of
fibers into the water. The quality of water trans-
Table 1. Distribution of reported asbestos concentrations
in drinking water from 406 cities in 47 states,
Puerto Rico, and the District ofColumbia.
Highest asbestos Number of
concentration, 106 fibers/I. cities Percentage
Below detectable limits 117 28.8
Not significant (< 0.5) 103 25.4
< 1 113 27.8
1-10 33 8.1
> 10 40 9.9
Total 406 100
14
ported is known to be a critical parameter in the
release offibers from the pipe. The corrosive effect
ofwateronasbestos cementpipe hasbeendescribed
by the aggressiveness index (Al):
Al = pH + log (AH)
where pH is the index of acidity or alkalinity ofthe
waterin standardpHunits,A isthetotalalkalinity(in
mg/I.) as CaCO3, and H is the calcium hardness (in
mg/I.) as CaCO3. Higher values of this aggressive-
ness index are less corrosive than lower values.
Water with an Al less than 10 is considered very
aggressive to many types of pipe, while Al values
greater than 12 are considered essentially non-
aggressive. A statistical sampling performed by our
laboratory of water supplies representative of the
utilities throughout the United States suggests that
16o ofthe U.S. water utilities have very aggressive




occur as a result ofimproper pipe tapping. Tapping
asbestos cement pipe, that is, adding a service con-
nection to the distribution pipe, requires that a hole
becutinthepipe. Some tappingdevices allowdebris
from the cutting to fall into the pipe where it may
remain in the water for some time depending on
waterflow. There are tapping devices now available
that flush the debris from the pipe and thus prevent
the contamination of drinking water with fibers.
Fiber Size of Asbestos in Water
Methodsofsizingasbestosfibersinenvironmental
samples have not been standardized. It is generally
recognized that asbestos fibers found in water are
smaller than the resolving power of the light micro-
scope techniques (18). Little waterborne asbestos
fiber size data have been determined with the scan-
ning electron microscope because problems in re-
solving the very thin, small chrysotile fibrils make it
difficult to use the scanning electron microscope in
routine water analysis. Some water sample prepara-
tion methods used for transmission electron micros-
copy such as the rubouttechnique (3, 4) deliberately
destroy the particle size distribution and only allow
mass concentrations to be determined. Thus, to pro-
vide fiber size distribution data on drinking water
samples, only direct transfer preparation methods
with transmission electron microscopy are used.
Thousands offibers have been measured in sam-
ples of drinking water analyzed according to the
methods described in the EPA Preliminary Interim
Procedure for Fibrous Asbestos (19). Over 7800 wa-
terborne asbestos fibers were measured in conjunc-
Environmental Health PerspectivesTable 2. Available data on asbestos concentrations in United States
water supplies determined by transmission electron microscopy.
Number Asbestos
of concentration









































































































































































































































(x 106 fibers/I.)' References Comments
CA Pleasant Hill 2 1 (8)
CA Pleasonton 4 1-10 (8)
CA Redding 6 < 1 (7)
CA Redwood 9 < 1 (8)
CA Richmond 1 < 1 (8)
CA S. San Francisco 7 < 1 (8)
CA Sacramento 1 NS (8)
CA San Andreas 6 < 1 (8)
CA San Bruno 6 < 1-10 (8)
CA San Carlos 5 1-20 (8)
CA San Francisco 91 < 1-100 (8)
CA San Joaquin 4 < 1 (8)
CA San Jose 1 < 1 (8)
CA San Leandro 8 < 1-2 (8)
CA San Louis Obispo 1 BDL (6)
CA San Mateo 8 < 1-50 (8)
CA San Pablo 3 < 1 (8)
CA San Ramon 2 < 1 (8)
CA Sobrante 8 BDL-2 (8)
CA Stanislaus River I BDL (10)
CA Trinity River I BDL (10)
CA Walnut Creek 7 < 1 (10)
CA Weaverville 4 1-10 (7)
CO Boulder 1 BDL (6)
CO Denver 14 NS (6, 9)
CT Ansonia 2 NS (6)
CT Avon 8 < 1 (6)
CT Beacon Falls 1 BDL (6)
CT Berlin 4 NS (6)
CT Bloomfield 9 NS (6)
CT Branford 1 BDL (6)
CT Bridgeport 7 < 1 (6)
CT Bristol 1 NS (6)
CT Brookfield 18 < 1 (6)
CT Brooklyn 2 NS (6)
CT Burlington 2 NS (6)
CT Canton 2 NS (6)
CT Cheshire 1 NS (6)
CT Clinton 5 NS (6)
CT Colchester 3 BDL (6)
CT Columbia 2 BDL (6)
CT Coventry 10 NS (6)
CT Cromwell 4 BDL (6)
CT Danbury 11 BDL-NS (6)
CT Darien 2 < 1 (6)
CT Deep River 1 NS (6)
CT Derby 1 NS (6)
CT East Haddam 1 NS (6)
CT East Hartford 1 BDL (6)
CT East Haven 1 BDL (6)
CT East Lyme 5 < 1 (6)
CT East Windsor 2 BDL (6)
CT Ellington 5 < 1 (6)
CT Enfield 4 NS (6)
CT Farmington 8 < 1, 10 (6)
CT Glastonbury 2 NS (6)
CT Granby 2 NS (6)
CT Greenwich 3 BDL (6)
CT Griswold 3 < 1 (6)
CT Groton 6 < 1 (6)
CT Guilford 2 NS (6)
CT Hamden 4 NS (6)
Environmental Health Perspectives 16Table 2 (cont'd).
Number Asbestos
of concentration




























































































































































































































































Dist. at Asbestos Co.




















































































































































































































High count in raw water




































































































































































































































































































































































































































































































Environmental Health Perspectives 20Table 2 (cont'd).
Number Asbestos
of concentration


















































































































































































































































aBDL = Below detectable limits of the method (no fibers were found); NS = too few fibers were found to allow an accurate
concentration value (usually NS corresponds to a count less than 0.5 x 106) fibers per liter.
21Table 3. Some size characteristics of asbestos fibers found in various water supplies.
Number of Average Average Average Maximum
Type of fibers length, width, aspect length found
Source fiber measured Jim ,um ratioa ,um
Reservoir with natural erosion (WA) Chrysotile 289 0.8 0.034 25:1 3
Reservoir with natural erosion (CA) Chrysotile 644 1.3 0.04 39:1 10
Cistern with asbestos tile roof (VI) Chrysotile 342 2.3 0.04 62:1 25
Distribution sites from five asbestos
cement pipe systems (SC, PA, FL) Chrysotile 1440 4.3 0.044 121:1 80
Lake Superior (MN) Amphibole 468 1.5 0.18 11:1 14
aAspect ratio: Length/width.
tionwith anepidemiology studyinthe SanFrancisco from natural erosion; the sample taken afterthe pipe
Bay Area, California. The average length and width presumably contained boththe naturalerosionfibers
of the chrysotile fibers were 1.4 and 0.040 um, re- and some from the pipe.
spectively. The lengths ranged from 0.1 to 59 um. Table 5 presents some data on aspect ratio
The fibers in the drinking water of this study area (length/width) which also reflect the size differences
may have come from a variety of sources including between the fibers in various drinking waters. It is
naturalerosionofserpentinerock, pollutionfromthe evident even inthe cases where the source is natural
wastes of asbestos manufacturing and possibly cor- erosion that the vast majority ofthe chrysotile fibers
rosion of asbestos cement pipe. exceeds a 10:1 aspect ratio.
Thedatapresented inTable 3 suggestthatthefiber
size distribution in the drinking water is dependent Variation in Concentration and
on the source of the fibers. It is apparent that the Size Data
corrosion ofasbestos cement pipe when attacked by
aggressive watercan contribute agreaterproportion In the natural system the weather plays an impor-
of long fibers than does the natural erosion of a tant part in varying the concentration of asbestos
serpentine rock formation. The distribution offiber fibers inwaterovertime. Cook(5)has shown atleast
lengths described in Table 4 shows that fibers from afivefold increase in an amphibole fiber concentra-
asbestos cement pipe systems tend to be longerthan tion in drinking water as a result of a storm. The
naturally occurring fibers such as are found in erosion of natural serpentine rock and of asbestos
CaliforniaandWashington State. Statistical analysis waste piles undoubtedly increases or decreases de-
of the fiber size distribution before and after pending on rainfall and stream flow. Asbestos con-
asbestos-cement pipe length in California showed centrations in asbestos cement pipe are known to be
that the fiber set in the water before the pipe had a increased temporarily 10-or 100-fold by pipe tapping
higher proportion ofshorter fibers than the fiber set and are probably affected by water flow rates and
after the pipe (20). The sample taken before the as- changes in water chemistry and temperature.
bestos cement pipe contained fibers presumably Differences inmethodologyforanalyzingasbestos
Table 4. Distribution of fiber lengths in various water supplies.
Distribution of fiber length classification (%)
Number
of <0.1 0.1-0.2 0.2-0.5 0.5-1.0 1-2 2-5 5-10 10-25 25-30 2 50
Source fibers ,um ,zLm Zm ,um ,um am ,um ,um ,um ,um
Reservoir water (WA) 210 0 0 33 51 14 2 0 0 0 0
Raw water (CA) 240 0 0 6 28 46 17.5 2 0.5 0 0
Asbestos cement pipe
system (FL) 503 0 0 3 17 30 34 13 2 1 0
Asbestos cement pipe
system (SC) 215 0 0 23 16 23 16 14 6 1 1
Cistem (VI) 342 0 0 9 31 32 19 4 5 0 0
Environmental Health Perspectives 22Table 5. Distribution of fiber aspect ratios in various water supplies
Distribution of fiber aspect ratio (%)
Number
Source offibers 3-<5 5-<10 10-<100 100-<500 -500
Reservoir water (WA) 210 1 7.4 91.6 0 0
Raw water (CA) 240 2 6 89 4 0
Asbestos cement pipe system (FL) 503 1 3 76 19 1
Asbestos cement pipe system (SC) 215 6 3.5 67 20 3.5
Cistern (VI) 342 1 16 77 5 1
samples can also contribute to the variation in re-
ported asbestos concentrations. The Nuclepore
Jaffe Wick technique (21) for sample preparation has
been shown to provide good interlaboratory com-
parison data. Laboratories using this method have
reported results within a factor oftwo and it is gain-
ing acceptance as the most widely used method.
Differences in methodology forpreparing samples
for sizing can lead to differing size characterizations
of the same sample. Three laboratories determined
the fiber length distribution for the Union Inter-
nationale Contre le Cancer (UICC) Amosite stan-
dard reference material. The data are given in Table
6. It is evident that while Laboratories 1 and 2 found
the fibers to be 40-60% under 1 ,um, Laboratory 3
found only 7% less than 1 ,um.
In environmental water sampling the water is fil-
tered through a 0.1 micrometer pore size Nuclepore
filter. A sectionofthe filteris attached to aglass slide
and a deposit ofcarbon evaporated onto the particu-
lates and filter. A small section is cut and placed on
an electron microscope grid. The filter is dissolved
by using a modified Jaffe wick apparatus (22), leav-
ing the particulates embedded in the carbon film on
the grid. When possible, photographs are taken of
random fields at 1000x and 500x magnification. Fiber
lengths and diameters are measured with a 7-power
measuring eyepiece on enlargements representing
3,000x and 15,000x magnification. In many water
samples, however, interfering debris does not allow
the fibers to be concentrated on a filter so that sev-
eral fibers are present in each field of view. Often
many fields of view must be searched to find one
fiber. In these situations fibers are measured by
aligning them with marks or circles inscribed on the
fluorescent microscope screen. Replica gratings are
used to determine the exact magnification at the
screen's surface.
Samples which contain a number oflongfibers are
difficult to handle. In some cases grids with larger
mesh size are used. When afiberoverlaps agrid bar,
aswitch from the transmission to the scanning mode
allows the analyst to follow the fiber to its end.
Conclusions
Based on the available data on waterborne asbes-
tos it is concluded that the majority of U.S. water
consumers are not exposed to constant concen-
trations of asbestos fibers above 1 x 106 fibers per
liter. In some areas, however, people are exposed to
concentrations ofasbestos fibers between 1 and 100
x 10fi million fibers per liter from natural erosion,
pollution, or corrosion ofasbestos materials such as
asbestos cement pipe or roofing material.
The sizes of asbestos fibers in drinking waters
differ depending on the source of the fibers. Fibers
contributed by natural erosion are generally shorter
than those contributed by asbestos cement pipe.
The use of a specific manufacturer's name is for identification
purposes only and does not constitute endorsement by the U.S.
Environmental Protection Agency.
Table 6. Distributions of fiber lengths for UICC Standard Reference Amosite by
three laboratories using three different techniques.
Distribution of length classifications (%)
< 0.2 0.2-0.5 0.5-1.0 1-2 2-5 5-10 10-25 25-50 50-100 > 100
Method ,um ,um Am ,um ,um ,um ,um ,um ,um ,um
Rendall (23) 23 31.1 25.5 14.7 4.4 1.08 0.16 0.03 0.02
ITTRI Method (24) 24.6 17.0 22.4 22.9 7.0 3.7 3.1 0.4 0.01
Brown et al. (25) 7.0 20 40 16 15 1.5 0.5 0.0
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24 Environmental Health PerspectivesCommentson "Concentration and
Size of Asbestos in Water Sup-
plies"
William E. Smith (Fairleigh-Dickinson Univ., Madison, N.J.
07940): Findings offibers in water supplies bring up the question
ofwhether they present any hazard to people drinking the water.
To develop experimental information on this question, we main-
tained 600 hamsters from the age ofabouttwo months throughout
their lives on drinking water with and without addition of some
mineral fibers.
We found some tumors that may be related to treatment in
hamsters that drank water containing fibers ofnaturally crystal-
lized amosite asbestosfrom SouthAfrica. Notumorsattributed to
treatment occurred in hamsters that drank water containing tail-
ings from milling oftaconite ore rich in cummingtonite/grunerite
mineralogically related to amosite.
Since carcinogenicity ofmineral fibers has been related totheir
dimensions by results of intrapleural injections in experimental
animals, it is of interest to look at dimensions of fibers in our
drinking water exposures.
In considering dimensions offibers, I was glad to see that Dr.
Millette's data did not show merely mean dimensions. Mean di-
mensions werenotimpressively different inoursampleofamosite
as compared to our samples of tailings as measured by electron
microscopy at 2500x. However, differences in fiber length dis-
tributions were obvious, as better seen in measurements at 600x,
which show that the percent offibers longer than 10,um was 14%
in the amosite as compared to 4% in the tailings. Among fibers
measured aslongerthan 10Am,25%werelongerthan20 .minthe
amosite; none were longer than 20 ,jm in the tailings.
Following Dr. Millette's paper, aquestion wasasked as to how
mineral fibers were suspended in water to assure ingestion by
animals. I responded as follows:
Tomaintainsuspension ofinsoluble mineralfibersinwater, and
thus assure their ingestion by animals drinking the water, we
designed drinkingfountains in which the waterwas putin funnels
and agitated with a stream of air. We described this method in a
paper last year [Am. Ind. Hyg. Assoc. J. 39: 583 (1978)].
February 1980 25